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SUMMARY 


This  effort  was  conducted  to  determine  if  more  accurate  transformations  of  digital  terrain 
elevation  data  would  significantly  increase  the  perceived  quality  or  training  effectiveness 
ratings  of  simulated  real  beam  ground  mapping  radar  imagery.  Although  an  increase  in  accuracy 
produces  a  more  detailed  image,  it  also  requires  more  computer  time  to  generate  and  therefore 
increases  the  cost  of  data  base  development. 


Seven  KC-135  and  25  C-130  navigators  evaluated  simulated  radar  images  generated  at  six 
different  levels  of  transformation  accuracy  for  usefulness  in  navigation  and  in  training 
navigators.  Analyses  show  that  transformations  which  were  more  accurate  than  current  standards 
did  not  produce  perceptible  increases  in  image  quality  or  in  rated  training  effectiveness. 
Transformations  which  were  less  accurate  than  current  standards  were  readily  discriminated  and 
judged  to  be  of  poorer  quality.  It  is  recommended  that  the  current  standard  for  vertical 
transformation  accuracy  be  maintained  for  future  radar  landmass  simulators. 
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Technical  Planning  Objective,  Aircrew  Training  Technology.  The  goal  of  this  effort  is 
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TERRAIN  ACCURACY  EFFECTS  ON  SIMULATED  RADAR  IMAGE  QUALITY 


I.  INTRODUCTION 

The  accuracy  of  a  simulated  ground  mapping  radar  image  In  polygon-based  radar  simulators  Is 
determined,  in  part,  by  the  number  of  polygons  or  faces  used  to  model  the  earth's  terrain. 
Experiments  were  conducted  to  determine  If  a  more  detailed  transformation  of  digital  terrain 
elevation  data  would  significantly  Increase  the  training  effectiveness  of  simulated  radar 
imagery.  The  results  failed  to  show  any  significant  increase  in  the  perceived  Image  quality  or 
the  perceived  training  value  of  the  simulated  radar  Imagery  produced  from  the  more  detailed 
transformations. 

Many  current  digital  radar  landmass  simulators  (DRLMSs)  rely  on  digital  data  provided  by  the 
Defense  Mapping  Agency  for  terrain  elevation  information.  These  data  typically  consist  of  terrain 
elevations  above  mean  sea  level  (MSL)  at  intervals  of  100  meters.  A  DRLMS  transformation  program 
fits  polygons  around  these  elevation  values  to  depict  the  terrain.  The  transformed  terrain  data 
are  then  merged  with  surface  feature  information  and  stored  for  use  in  the  real-time  simulation. 

One  variable  in  the  elevation  data  that  influences  the  transformation  program  Is  terrain 
roughness.  For  perfectly  flat  ground,  roughness  equals  zero  whereas  for  mountains,  roughness  can 
be  greater  than  10.  In  effect,  roughness  measures  the  rate  of  elevation  change  between  data 
posts  in  a  geographic  region.  The  transformation  program  fits  polygons  about  the  elevation  posts 
using  an  iterative  process  in  which  the  simulated  terrain  is  tested  against  a  criterion  measuring 
transformation  accuracy.  This  accuracy  criterion  is  inversely  related  to  roughness.  As 
roughness  increases,  terrain  accuracy  decreases;  allowable  differences  between  elevations  in  the 
source  data  and  elevations  of  the  transformed  data  increase.  Simulated  terrain  elevations  are, 
therefore,  highly  accurate  for  flat  terrain  and  less  accurate  for  rough  or  mountainous  areas. 
This  accuracy  criterion  influences  the  number  of  polygons  and,  therefore,  the  fidelity  or  realism 
of  the  simulated  radar  scene.  As  the  elevation  data  are  transformed,  additional  polygons  are 
added  in  an  iterative  manner  until  the  specified  criterion  is  met.  Because  of  the  Iterative 
transformation  process  the  accuracy  criterion  directly  influences  the  number  of  polygons  and  the 
length  of  time  required  to  transform  the  digital  terrain  data.  Since  the  accuracy  criterion 
influences  the  length  of  time  required  to  complete  the  transformation  process,  it  also  affects 
the  cost  of  developing  the  simulation.  Therefore,  radar  simulations  of  the  same  area  produced 
using  differing  accuracy  criteria  can  differ  significantly  in  both  fidelity  and  cost. 

Because  fidelity  and  cost  are  both  directly  related  to  the  accuracy  criterion,  it  is 
important  to  determine  the  relation  between  the  fidelity  of  the  simulated  radar  scene  and  its 
training  effectiveness.  As  Roscoe  (1980)  pointed  out,  beyond  a  certain  point,  increases  in 
simulation  fidelity  produce  little  or  no  increase  in  training.  The  purpose  of  the  present 
experiments  was  to  determine  the  relation  between  six  levels  of  transformation  accuracy  and  (a) 
the  perceived  similarity  of  the  six  simulated  radar  Images,  and  (b)  the  perceived  training  value 
of  those  images. 

A  modified  KC-135  DRLMS  was  used  to  transform  and  display  simulated  ground  mapping  radar 
imagery  of  an  area  40  miles  southeast  of  Knoxville,  Tennessee.  Six  different  accuracy  criteria 
were  used.  Photographs  of  these  Images  were  evaluated  by  Air  Force  navigators.  Images  were 
evaluated  on  their  similarity,  their  overall  image  quality,  and  their  perceived  value  for 
training.  The  six  levels  of  transformation  accuracy  used  Included  the  current  standard  for  this 
DRLMS,  two  more  accurate  transformations,  and  three  less  accurate  transformations.  In  Experiment 
1,  seven  KC-135  navigators  evaluated  simulations  produced  for  10,000’  MSL  (approximately  6,000' 
above  ground  level  [AGL ] )  at  15  and  30nm.  In  Experiment  2,  25  C-130  navigators  evaluated  Images 
of  the  same  area  produced  for  5,000'  MSL  (approximately  1,000'  AGL)  and  at  15  and  20nm. 


II.  EXPERIMENT  1 


Research  Methods 
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Apparatus 

A  KC-135  ORLMS  modified  for  engineering  development  was  used  to  transform  and  display 
simulated  radar  images  of  an  area  40  miles  southeast  of  Knoxville,  Tennessee.  Six  separate 
transformations  of  the  digital  terrain  elevation  data  for  this  area  were  produced  using  different 
accuracy  criteria.  With  the  apparatus  available,  it  was  not  possible  to  directly  manipulate 
transformation  accuracy.  It  was  possible,  however,  to  change  transformation  accuracy  indirectly 
by  altering  the  specified  terrain  roughness  criterion.  Since  the  transformation  accuracy 
requirement  decreases  with  increasing  roughness,  multiplying  terrain  roughness  by  weights  less 
than  one  has  the  effect  of  increasing  transformation  accuracy.  Likewise,  multiplying  roughness 
by  weights  greater  than  one  produces  less  accurate  transformations.  The  weights  used  in  this 
experiment  were  6,  4,  2,  1,  0.8  and  0.6.  The  terrain  models  generated  by  transforming  the 
elevation  data  were  used  to  produce  simulated  radar  images  at  15  and  30nm  ranges.  Only  terrain 
data  were  used  to  generate  these  simulations.  Surface  features  such  as  vegetation,  water,  or 
structures  were  not  included.  The  images  were  equivalent  to  ground  mapping  radar  from  a  KC-135 
flying  at  10,000  feet  above  mean  sea  level  (approximately  6,000'  AGL).  Glossy,  black-and-white 
photographs  were  obtained  for  each  of  the  12  simulated  radar  images.  Figures  1  through  3  are 
examples  of  different  transformations  of  the  30nm  imagery.  Figure  1  was  produced  with  a  weight 
of  0.6;  this  image  is  more  accurate  than  Figure  2,  which  is  the  current  standard  with  a  weight  of 
1.  Figure  3  shows  the  least  accurate  transformation,  with  a  weight  of  6. 


Figure  1.  Simulated  radar  image  produced  with  weight  *  0.6  for  Experiment  1; 
this  Is  the  most  accurate  transformation  In  the  stimulus  set. 
Altitude  Is  10,000  feet  MSI;  range  Is  30nm;  north  Is  at  the  top. 
This  image  was  produced  from  terrain  elevation  data  only  and  does 
not  contain  any  surface  features. 


Subjects 


Seven  KC-135  navigators  f^m  the  161st  Air  Refueling  Group,  Arizona  National  Guard, 
participated  in  Experiment  1.  Each  subject  was  operationally  qualified  and  current. 

Procedure 


Subjects  were  tested  individually  and  asked  to  judge  the  quality  of  the  simulated  radar 
imagery.  Each  navigator  was  briefed  on  the  purpose  of  the  experiment  and  given  a  1:50,000 
navigation  chart  of  the  area,  a  pair  of  dividers,  and  a  30nm  simulated  radar  image  with  an 
accuracy  criterion  of  1.0  (Figure  2).  The  navigators  were  then  asked  to  orient  themselves  and  to 
identify  several  prominent  terrain  features  to  ensure  they  were  able  to  correctly  interpret  the 
image.  All  subjects  were  able  to  do  this  without  difficulty. 

Following  this  introduction  procedure,  each  navigator  evaluated  the  quality  of  the  30nm 
simulated  imagery  by  performing  three  tasks:  preference,  ranking,  and  rating.  The  three  tasks 
were  then  repeated  for  the  15nm  range.  All  tasks  were  self-paced  and  took  approximately  30 
minutes  to  complete.  After  data  collection,  subjects  were  asked  if  they  could  offer  any  comments 
or  suggestions  about  the  experimental  procedures  or  materials. 

In  the  preference  task,  each  image  for  a  specific  range  was  paired  with  each  of  the  other 
images  for  that  range.  Each  pairing  was  presented  twice  in  random  order  for  a  total  of  30 
judgments;  the  order  of  presentation  of  the  images  was  counterbalanced.  The  subjects  were 
instructed  to  indicate  which  image  in  each  pair  they  would  rather  use  in  navigation  tasks  and  to 
indicate  a  preference  even  if  differences  between  the  images  were  very  slight.  After  completing 
the  preference  task,  subjects  ranked  the  six  images  from  best  to  poorest  quality.  To  perform 
this  task,  subjects  were  given  all  six  images  and  instructed  to  arrange  them  until  they  were 

satisfied  with  the  order. 

It  was  possible  that  even  images  judged  to  be  poorer  in  quality  than  others  might  be 

considered  adequate  for  training.  Likewise,  it  was  possible  that  simulated  images  ranked  as 

better  than  all  others  might  be  judged  inadequate  for  effective  training.  To  test  this,  subjects 
were  also  asked  to  rate  each  image  on  a  5-point  scale  of  "Usefulness  for  Training  Navigators." 
The  scale  anchors  were  "1.  Excellent,  indistinguishable  from  aircraft  radar,"  and  "5. 

Unacceptable,  not  useful  for  training." 


Results 


The  preference  data  were  analyzed  using  a  Thurstone  scaling  approach  that  converted  the  data 
to  an  equal -interval  scale  of  perceived  quality  (Baird  &  Noma,  1978,  Chapter  7;  Nunnaly,  1978, 
Chapter  2).  The  zero  point  of  this  scale  is  arbitrary,  and  the  interval  between  images  is  based 
on  standard  deviations  computed  from  the  unit  normal  distribution.  Figure  4  shows  that  for  the 
30nm  range,  the  three  most  accurate  transformations  (weight  =  1,  0.8,  and  0.6)  form  a  tight 
cluster.  This  clustering  indicates  that  these  three  images  are  not  discriminably  different  from 
each  other.  The  results  for  the  15nm  range  are  different.  They  show  that  the  two  most  accurate 
transformations,  weights  of  0.8  and  0.6,  are  not  discriminable  from  each  other,  and  that  the  third 
most  accurate  weight  of  1  is  discriminably  poorer  than  the  two  more  accurate  transformations. 

The  mean  ranking  data  are  sunmarized  in  Figure  5.  A  Friedman  Multi-Sample  Test  (Bradley, 
1960,  Chapter  5)  indicates  no  significant  differences  among  the  mean  ranks  for  the  three  more 
accurate  transformations  (alpha  =  .06)  at  either  range.  However,  the  differences  between  the 
mean  ranks  for  these  transformations  and  the  next  transformation  level,  2,  were  significant 
(p  <  .05)  for  both  ranges.  These  results  indicate  that  the  three  most  accurate  transformations 
were  not  perceptibly  different  from  each  other  and  that  the  next  level  was  consistently  ranked  as 
lower  in  quality. 
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Figure  4.  Thurstone  scales  of  preference  data  for  Experiment  1. 

Higher  scale  values  Indicate  greater  preference.  Lower 
transformation  accuracy  weights  Indicate  greater  fidelity 


Mean  Rankings  of  Image  Quality 


Figure  5.  Mean  rankings  of  image  quality  for  Experiment  1. 


The  mean  rated  training  value  of  each  Image  is  shown  in  Figure  6.  These  data  were  analyzed 
using  a  one-way  analysis  of  variance  (Winer,  1971,  Chapter  4).  These  analyses  show  that  the 
ratings  assigned  to  the  three  most  accurate  transformations  were  not  significantly  different  from 
each  other  for  either  range  (alpha  =  .05)  and  that  the  mean  rating  for  these  images  was 
significantly  higher  (p  .05)  than  the  next  most  accurate  transformation  level. 
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Figure  6.  Mean  ratings  of  training  value  for  Experiment  1. 


Discussion 


Experiment  1  addressed  two  major  questions.  The  first  question  dealt  with  the  level  of 
fidelity  or  realism  that  is  necessary  to  produce  an  adequate  simulation.  In  this  study, 
increasing  fidelity  was  achieved  by  increasing  terrain  vertical  accuracy;  i.e.,  changing  the 
accuracy  criterion.  Increasing  transformation  accuracy  significantly  increases  the  processing 
time  necessary  for  the  DRLMS  to  transform  digital  elevation  data  into  a  simulated  radar  image. 
Compared  with  the  standard  transformation  (weight  =1),  the  most  accurate  transformation  (weight 
=  0.6)  required  25*  more  processing  time  while  the  least  accurate  (weight  =  6)  required  39*  less 
time.  Since  transformation  of  terrain  data  requires  several  hours  of  processing  per  2°  x  2° 
cell,  the  cost  differences  are  significant.  The  data  obtained  from  the  preference  and  ranking 
tasks  indicate  that  transformations  with  weights  of  1,  0.8,  and  0.6  are  perceptually  similar  to 
one  another.  Therefore,  it  can  be  concluded  that  increasing  the  fidelity  of  the  simulation  by 
using  a  weighting  factor  less  than  1.0  produces  no  significant  gain  in  the  perceived  quality  of 
the  simulated  image. 

The  :  ;ond  question  addressed  by  Experiment  1  concerns  training  effectiveness.  The 
preference  and  ranking  tasks  assess  the  discriminabil ity  of  the  stimuli  but  not  their  usefulness 
for  training.  The  rating  data,  however,  show  that  the  three  more  accurate  transformations  are 
judged  to  have  equal  training  value  and  to  be  significantly  more  useful  than  the  less  accurate 
images.  According  to  Roscoe  (1980),  increasing  realism  beyond  some  point  can  increase  cost 
without  increasing  training  effectiveness.  These  results  support  Roscoe's  assertion.  For  both 
ranges,  radar  simulations  produced  with  normal  accuracy,  weight  =1,  (a)  are  indistinguishable 
from  more  accurate  simulations  with  weights  of  0.8  and  0.6,  (b)  have  the  same  training  value  as 
the  more  accurate  transformations,  and  (c)  can  be  produced  at  significantly  lower  cost.  Although 
the  training  effectiveness  of  each  level  of  simulation  fidelity  cannot  be  tested  directly,  a 
reasonable  assumption  is  that  if  operational  navigators  cannot  reliably  distinguish  between  the 
various  levels  of  transformation  accuracy,  then  these  simulations  should  have  approximately  the 
same  training  value. 

Although  the  results  of  Experiment  1  seem  clear,  the  navigators  who  served  as  subjects 
consistently  mentioned  the  altitude  of  the  simulations,  10,000'  MSL  (approximately  6,000'  AGL), 
as  a  problem.  These  subjects  were  navigators  on  KC-135  aircraft,  which  normally  fly  at  altitudes 


above  30,000  feet.  Other  aircraft,  such  as  C-130,  B-52,  or  FB-111,  often  fly  at  less  than  1,000 
feet  above  the  highest  local  terrain.  The  stimulus  images  produced  at  10,000  feet  are  therefore 
not  representative  of  most  Air  Force  navigation  environments.  Since  the  erred  of  transformation 
accuracy  on  image  quality  is  more  pronounced  at  low  altitude  than  at  high  altitude,  a  level  of 
transformation  accuracy  which  produces  acceptable  Images  for  low  altitudes  will  also  produce 
acceptable  images  for  higher  altitudes.  Experiment  2  was  conducted  to  validate  these  results 
using  low-altitude  simulations. 


III.  EXPERIMENT  2 


Research  Methods 


Apparatus 


Simulated  ground  mapping  radar  images  were  produced  using  the  same  DRLMS  and  data  base 
transformations  as  in  Experiment  1.  Altitude,  however,  was  reduced  to  5,000'  MSL  (approximately 
1,000'  AGL)  and  ranges  changed  to  15  and  20nm.  Figures  7  through  9  are  examples  of  the  Images 
used  in  Experiment  2. 


Figure  7.  Simulated  radar  Image  produced  using  standard  accuracy 
for  Experiment  2;  weight  ■  1.  Altitude  Is  5,000*  MSL; 
range  Is  20nm;  north  is  at  the  top. 


Subjects 


Twenty-five  C-130  navigator?  from  the  34th  Tactical  Training  Group,  Little  Rock  AFB, 
Arkansas,  participated  in  Experiment  2. 
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Figure  8.  Simulated  radar  Image  with  weight  =0.6  for  Experiment 
2.  This  Is  the  most  accurate  transformation. 
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Figure  9.  Simulated  radar  Image  with  weight  ■  6  for  Experiment  2 
This  Is  the  least  accurate  transformation. 


Procedure 


Subjects  completed  the  three  tasks--preference,  ranking,  and  rating--as  in  Experiment  1. 


Results 


Thurstone  scale  analysis  of  the  preference  data  is  shown  in  Figure  10.  The  analysis  shows 
that  for  the  20nm  range,  the  three  most  accurate  transformations  (weights  equal  to  0.6,  0.8,  and 
1)  form  a  cluster.  This  clustering  indicates  that  these  transformations  are  not  highly 
distinguishable  from  each  other.  The  interval  between  1  and  the  less  accurate  transformations  is 
larger  than  the  interval  between  1  and  the  more  accurate  transformations,  indicating  larger 
perceptual  differences.  Thurstone  scaling  analysis  for  the  15nm  range  shows  an  even  tighter 
clustering  for  the  three  most  accurate  transformations;  however,  the  order  is  reversed  from  that 
for  the  20nm  range.  A  forced  choice  procedure  was  used  with  the  preference  task  so  that 
evaluators  were  required  to  specify  a  choice  even  if  perceived  differences  between  images  were 
minimal.  If  two  images  are  truly  indistinguishable,  evaluators  will  respond  at  random  and  rate 
each  image  as  preferred  50%  of  the  time;  in  this  case,  the  interval  between  images  on  a  Thurstone 
scale  would  be  zero.  This  appears  to  be  the  case  for  the  three  most  accurate  transformations  at 
the  15nm  range;  the  images  were  perceptually  indistinguishable  from  each  other,  and  the  apparent 
reversal  is  the  result  of  random  variation  in  responses.  The  interval  between  this  cluster  and 
the  scale  values  for  the  less  accurate  transformations  is  much  larger  than  the  intervals  within 
the  cluster,  indicating  larger  perceived  differences. 
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Figure  10.  Thurstone  scales  of  preference  data  for  Experiment  2. 


The  mean  ranking  data  are  summarized  in  Figure  11.  A  Friedman  Multi-Sample  Test  indicates  no 
significant  difference  between  the  mean  ranks  assigned  to  the  two  highest  ranked  transformations, 
0.6  and  1,  for  the  20nm  range  (alpha  =  .05).  However,  the  difference  between  the  ranks  assigned 
to  these  images  and  the  rank  assigned  to  the  next  image,  0.8,  was  significant  (£  <  .05).  For  the 
15nm  range,  no  significant  differences  were  found  between  the  ranks  assigned  to  the  three  most 
accurate  transformations:  1,  0.8,  and  0.6.  There  was  a  significant  difference  between  the  ranks 
assigned  to  these  transformations  and  the  next  transformation  level,  2  (j^  <  .05).  These  results 
indicate  that  the  two  highest  ranked  transformations  for  the  20nm  range  and  the  three  highest 


ranked  transformations  for  the  15 nm  range  were  not  perceptibly  different  from  each  other  and  that 
the  next  ranked  image  was  consistently  perceived  as  lower  in  overall  quality. 


Mean  Rankings  of  Image  Quality 
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Figure  11.  Mean  rankings  of  Inage  quality  for  Experiment  2. 


The  mean  rated  training  values  are  shown  in  Figure  12.  These  data  were  analyzed  using  a 
one-way  analysis  of  variance.  These  analyses  show  that  the  ratings  assigned  to  the  two  highest 
rated  transformations  (1  and  0.6 )  were  not  significantly  different  from  each  other  for  the  20nm 
range  and  that  the  ratings  assigned  to  the  three  highest  rated  transformations  (1,  0.8,  and  0.6) 
were  not  significantly  different  from  each  other  for  the  15nm  range  (alpha  =  0.5).  The  mean 
ratings  for  these  transformations  were  significantly  higher  than  the  rating  for  the  next  lower 
transformation  level  (p  <  .05). 


Mean  Rating  of  Training  Value 


6,4 

T 

2  0.8  0.6,1 

▼  ,  T  T 

2  0nm  1 

5 

4 

1  ! 

3  2 

1 

1 

6 

▼ 

4 

▼ 

2  0.8  1,0.8 

▼  ▼  ▼ 

1 5nm  1 

5 

1 

4 

1  1 

3  2 

1 

1 

Unacceptable 

Rating 

Excellent 

Figure  12.  Mean  ratings  of  image  quality  for  Experiment  2. 


01  scussion 


Overall,  the  data  from  Experiment  2  support  the  conclusions  from  Experiment  1.  The  data  from 
the  preference  and  ranking  tasks  for  the  15nm  range  indicate  that  transformations  with  weights  of 
1,  0.8,  and  0.6  are  perceived  as  nighiy  similar  to  each  other.  For  this  range,  it  can  be 
concluded  that  increasing  the  fidelity  of  the  simulation  by  increasing  the  accuracy  criterion 
beyond  the  current  system  standard  will  produce  no  significant  gains  in  the  perceived  quality  of 
the  simulated  images. 

The  data  for  the  20nm  range  are  not  as  consistent.  The  Thurstone  scale  values  ( i . e . , 
preference  data)  for  the  three  most  accurate  images  form  a  cluster,  although  not  as  closely  as 
for  the  15nm  range.  Furthermore,  the  intervals  between  the  three  most  accurate  transformations 
are  less  than  the  intervals  between  the  current  standard  (weight  =  1)  and  the  less  accurate  image 
(weight  =  2).  These  data  show  that  the  perceived  differences  between  the  current  standard  and 
the  more  accurate  images  are  small  compared  to  differences  between  the  current  standard  and  less 
accurate  images.  The  ranking  data  show  the  same  pattern  of  results  for  all  weights  except  for 
0.8,  which  is  ranked  significantly  lower  than  the  current  standard.  The  rating  data  show  that 
for  the  15nm  range,  the  three  more  accurate  transformations  are  judged  to  have  equal  training 
value  and  to  be  significantly  more  useful  than  the  less  accurate  images.  This  pattern  of  results 
is  also  true  for  the  20nm  range  except  for  0.8,  which  is  rated  significantly  lower.  For  the 
20nm,  0.8  simulated  radar  image  that  was  used  for  both  ranking  and  rating  tasks,  no  obvious  flaw 
can  be  found  which  would  produce  lower  rankings  or  training  effectiveness  ratings.  However, 
since  these  results  are  in  such  disagreement  with  the  results  for  the  15nm  range  and  from 
Experiment  1,  the  data  must  be  considered  suspect  and  will  not  be  included  in  further 
discussions. 


IV.  CONCLUSIONS 

The  data  collected  in  these  two  experiments  support  the  following  conclusions: 

1.  Simulated  images  produced  from  transformations  which  are  less  accurate  than  the  current 
DRLMS  system  standard  can  be  readily  distinguished  from  standard  Imagery  and  are  rated  as 
providing  significantly  lower  training  value. 

2.  Simulated  images  produced  from  transformations  which  are  more  accurate  than  the  current 
system  standard  cannot  be  reliably  distinguished  from  standard  Imagery  and  are  rated  as  having 
the  same  training  value. 

3.  The  procedures  used  in  this  research  have  identified  a  point  at  which  Increases  in 
simulation  fidelity  do  not  produce  increases  in  perceivable  image  quality  or  in  rated  training 
value;  the  only  result  is  Increased  cost. 

It  is  recommended  that  the  current  standard  for  vertical  terrain  transformation  accuracy  or  Its 
equivalent  be  retained  in  specifications  for  future  radar  landnass  simulators. 
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